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ABSTRACT
In this paper, we report the discovery of a new late-B type unbound hyper-runaway star (LAMOST-HVS4)
from the LAMOST spectroscopic surveys. According to its atmospheric parameters, it is either a B-type main-
sequence (MS) star or a blue horizontal branch (BHB) star. Its Galactocentric distance and velocity are 30.3±
1.6 kpc and 586±7 km s−1 if it is an MS star, and they are 13.2± 3.7 kpc and 590±7 km s−1 if a BHB star. We
track its trajectories back, and find that the trajectories intersect with the Galactic disk and the Galactic center
lies outside of the intersection region at the 3σ confidence level. We investigate a number of mechanisms that
could be responsible for the ejection of the star, and find that it is probably ejected from the Galactic disk by
supernova explosion or multiple-body interactions in dense young stellar clusters.
Keywords: Galax: center – Galaxy: halo – Galaxy: kinematics and dynamics – stars: early-type
1. INTRODUCTION
Hypervelocity stars (HVSs) are moving so fast that they
may escape from the Galaxy. A natural explanation is that
they were ejected out from the Galactic center (GC) by in-
teractions between stars and the massive black hole (MBH)
or hypothetical (binary) MBHs, as predicted by Hills (1988)
and Yu & Tremaine (2003). In the Galactic center origin sce-
nario, three different mechanisms can produce HVSs, i.e., (1)
tidal breakup of binary stars by a single MBH (Hills 1988; Yu
& Tremaine 2003; Bromley et al. 2006), and the binary stars
could be injected into the vicinity of the MBH from the young
stellar disk in the GC (e.g., Lu et al. 2010; Zhang et al. 2010,
2013) or from the Galactic bulge (Perets 2009a,b); (2) interac-
tions between single stars and a hypothetic binary MBH (Yu
& Tremaine 2003; Sesana et al. 2006, 2007; Merritt 2006);
(3) interactions between single stars and a cluster of stellar
mass black holes around the MBH (O’Leary & Loeb 2008).
Aside from the GC origins, alternative mechanisms were also
proposed to explain HVSs, including the tidal debris of an ac-
creted and disrupted dwarf galaxy (Abadi et al. 2009; Teyssier
et al. 2009), the surviving companion stars of Type Ia super-
nova (SN Ia) explosions (Wang & Han 2009), the result of dy-
namical interactions between multiple stars (e.g, Gvaramadze
et al. 2009), and the runaways ejected from the Large Magel-
lanic Cloud (LMC), assuming that the latter hosts an interme-
diate mass black hole (Boubert & Evans 2016; Boubert et al.
2017).
Before Gaia DR2 release, there are 38 hyper velocity star
with unbound probabilities larger than 0.5 discovered (Brown
et al. 2005; Hirsch et al. 2005; Edelmann et al. 2005; Brown
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et al. 2006; Heber et al. 2008; Brown et al. 2009; Tillich et
al. 2009; Irrgang et al. 2010; Li et al. 2012; Brown et al.
2012, 2014; Zheng et al. 2014; Li et al. 2015; Huang et al.
2017a; Vennes et al. 2017; Boubert et al. 2018). Most of them
are massive B-type stars in the Galactic halo, and are consis-
tent with the GC origin for ejecting unbound HVSs (Brown
2015). The six exceptions are US 708 (HVS2), HE 0437-
5439(HVS3), HD 271791, SDSS J013655.91+242546.0,
LAMOST J115209.12+120258.0 (Li10), and LP 40-365.
US 708 is a helium-rich sub-dwarf O-type star with a mass
of ∼ 0.3M⊙, and LP 40-365 is a low mass white dwarf
(WD). Their trajectories favor an origin of tidal interactions
in binaries, and they are probably remnants of SN Ia ex-
plosions (Geier et al. 2015; Vennes et al. 2017), originat-
ing from the WD+He star systems (see Wang et al. 2009,
2013). HE 0437-5439 is a B-type star, and is likely to be orig-
inated from the centre of the Large Magellanic Cloud (LMC)
(Erkal et al. 2018). Other three exceptions are all hyper-
runaway stars ejected from the Galactic disk, and they are B-
(HD 271791), A- (SDSS J013655.91+242546.0), or F-type
(LAMOST J115209.12+120258.0) stars, respectively (Heber
et al. 2008; Tillich et al. 2009; Li et al. 2015).
Using Gaia DR2, a total of 58 high velocity star candidates
were discovered from a subset with radial velocity measure-
ments (Marchetti et al. 2018; Hattori et al. 2018). Among
them, there are 9 hyper-runaway star candidates. In addi-
tion, three new hyper-velocity WDs are found by Shen et al.
(2018), and they were previously the WD companions to pri-
mary WDs that exploded as SNe Ia.
In this paper, we continue to search for massive hyper-
velocity stars from LAMOST surveys. The paper is orga-
nized as follows. We provide a brief description of the LAM-
OST data in Sub-section 2.1, and we focus on estimating the
Galactocentric radial velocity, atmospheric parameters, abso-
lute magnitude, and heliocentric distance of the LAMOST-
HVS4 in Sub-section 2.2. We then investigate whether it
is unbound to the Galaxy with five potential models of the
Galaxy in Sub-section 2.3, and calculate its space position and
velocity in Sub-section 2.4. Its possible origin is discussed in
Section 3, and conclusion is summarized in Section 4.
2. THE LAMOST SURVEY AND THE NEW HVS
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2.1. Data
LAMOST is a 4 meter quasi-meridian reflecting Schmidt
telescope, which is equipped with 4000 fibers and can si-
multaneously obtain 4000 (λλ 3700 – 9000 A˚) low resolu-
tion (R∼ 1800) spectra per exposure (Wang et al. 1996; Su
& Cui 2004; Zhao et al. 2012; Luo et al. 2012; Cui et al.
2012). After a one year pilot survey starting in 2011, the
five-year LAMOST Regular Surveys were initiated in the fall
of 2012 and completed in the summer of 2017. LAMOST
Phase-II includes low and medium resolution surveys, and
the low resolution survey began in January 2018, which is
the continuation of Phase-I. According to the LAMOST data
policy, the Phase-II surveys released data productions of the
first three months to domestic users and their internal co-
workers (DR6−QI) in January 2018, which include 203,200
low-resolution spectra data.
We performed a systematic search for HVSs in the DR6-QI
data set, and we find that one star turned out to be an HVS
(hereafter, denoted by LAMOST-HVS4).
2.2. Properties of LAMOST-HVS4
The star (J225837.56+400005.2; LAMOST-HVS4) was
observed on November 21, 2017, and it has magnitudes
(g/r/i/z/y) of the Panoramic Survey Telescope and Rapid Re-
sponse System (Pan-STARRS; Kaiser et al. 2002, 2010;
Chambers et al. 2016) larger than 16.7 mag. The heliocen-
tric radial velocity is vr⊙ = 359± 7 km s
−1, and we check it
using the cross-correlation package RVSAO of IRAF (Kurtz
& Mink 1998). The value is consistent with the radial ve-
locity provided by LAMOST. We translate the heliocentric
radial velocity (vr⊙) to a Galactocentric radial component of
vrf = 585± 7 km s
−1 according to
vrf = vr⊙+U0 cos l cos b+(VLSR+V0) sin l cos b+W0 sin b,
(1)
where we adopt VLSR = 235 km s
−1 for the motion of the lo-
cal standard of rest (LSR) (Hogg et al. 2005; Bovy et al. 2012;
Reid et al. 2014) and (U0, V0,W0) = (9.58, 10.52, 7.01) km
s−1 for the peculiar motion of the Sun with respect to the LSR
(Tian et al. 2015; c.f., Scho¨nrich et al. 2010; Huang et al.
2015).
The spectrum of LAMOST-HVS4 is shown at the bottom of
Figure 1, and the spectra of three previous LAMOST HVSs
are also displayed in this figure for comparison. The inset
in each panel shows the enlarged normalized spectrum from
3850 to 4600 A˚ for a better view, and the four red dashed lines
in it mark He I andMg II lines. Similar to “LAMOST-HVS3”,
the He I lines at 4026 A˚, 4387 A˚, and 4471 A˚ and the Mg II
line at 4481 A˚ are marginally detected, which indicates that
LAMOST-HVS4 is a late B-type star. Its basic atmospheric
parameters (effective temperature Teff , surface gravity log[g],
metallicity [Fe/H]), and heliocentric radial velocity (vr⊙) are
calculated from the LAMOST spectrum using the e LAMOST
stellar parameter pipeline (LASP; Luo et al.(2015)). The re-
sults show that Teff = 15140 ± 578 K, log[g] = 3.9 ± 0.3,
[Fe/H] = 0.29 ± 0.18, and vr⊙ = 359 km s
−1. However,
classification by Teff and log[g] is ambiguous, and we can-
not reliably distinguish between a B-type main-sequence star
(MS) and a hot blue horizontal branch (BHB) star based on its
Teff and log[g]. Although, the metallicity of LAMOST-HVS4
is roughly solar, which suggests it is probably a B type MS
star, we also discuss the case that it is a BHB star.
We obtain parallax and proper motions of LAMOST-HVS4
from the Gaia DR2 catalog. Unfortunately, the parallax of
LAMOST-HVS4 is negative (-0.113 mas), which suggests it
is not a nearby star with a heliocentric distance lower than
3 or 5 kpc and no valid heliocentric distance is available
from the Gaia DR2 parallax (private communication with
Bailer-Jones). Since the nature and heliocentric distance
for LAMOST-HVS4 cannot be inferred from its Gaia paral-
lax, we estimate the distances using the photometric distance
method for two cases: (1) LAMOST-HVS4 is an MS star; (2)
it is a BHB star in this paper.
If it is a B-type MS star, its absolute magnitude, mass, and
lifetime can be inferred by using the look-up table provided by
Mamajek 7 (Huang et al. 2017a). We find it is a B6 type star
with MV (MS) = −0.69 ± 0.12 mag, Mass ≈ 4.3 M⊙, and
Age ≈ 55 Myr, consistent with the spectral type given by the
LAMOST 1D pipeline (Luo et al. 2015). If it is a BHB star, its
absolute magnitude is estimated to be MV (BHB) = 1.72 ±
0.88 mag using the relationship of Clewley et al. (2002), and
the lifetime of such a BHB star is roughly 13 Gyr (D’Cruz et
al. 1996; Lei et al. 2013, 2016).
We cross-match with photometry catalogs of the Sloan Dig-
ital Sky Survey (SDSS; Alam et al. 2015), Pan-STARRS,
Two Micron All Sky Survey (2MASS; Skrutskie et al. 2006),
and the AAVSO Photometric All Sky Survey(APASS; Hen-
den et al. 2016) with a search radius of 5 arcsec, and ob-
tain magnitudes from the Pan-STARRS catalog as listed in
Table 1. For the SDSS, 2MASS or APASS catalog, no tar-
get is found within the radius of 5 arcsec, and we note that
LAMOST-HVS4 is outside of the SDSS footprint. The John-
sonB and V magnitudes in this table are converted from the g
and r magnitudes of Pan-STARRS survey using the transfor-
mation relationship presented in Tonry et al. (2012). With the
apparent and absolute magnitudes derived, we estimate the
heliocentric distance after applying a reddening correction of
Schlafly & Finkbeiner (2011). The heliocentric distance of
dMS = 27.9 ± 1.5 kpc if it is a B-type MS star, and it is
dBHB = 9.2 ± 3.7 kpc if it is a hot BHB. Thus, we consider
9.2 kpc to be the lower limit of the heliocentric distance for
the LAMOST-HVS4.
2.3. Unbound to the Galaxy ?
In this sub-section, five Galactic potential models (Paczyn-
ski 1990; Gnedin et al. 2005; Xue et al. 2008; Koposov et
al. 2010; Kenyon et al. 2014) are adopted to calculate es-
cape velocities (vesc) at different Galactocentric distances (r),
and to further determinewhether LAMOST-HVS4 is unbound
to the Galaxy. Hereafter, we abbreviate the five models as
Paczynski+1990, Gnedin+2005, Xue+2008, Koposov+2010,
and Kenyon+2014, respectively. Among them, the Paczyn-
ski+1990, Koposov+2010, and Kenyon+2014 are divergent
models, while the Gnedin+2005 and Xue+2008 are conver-
gent models. For the two convergent models, we calculate
vesc at different r using vesc =
√
2|φ(r) − φ(∞)|, where
φ(r) and φ(∞) are Galactic potentials at distances of r and
infinity. For three divergent models, we estimate vesc accord-
ing to vesc =
√
2(|φ(r) − φ(200 kpc)|) + (200)2 (Kenyon et
al. 2008), and the number “200” in the second term represents
minimumvalue of velocity (= 200 km s−1) for a unbound star
at r = 200 kpc.
7 http://www.pas.rochester.edu/∼emamajek/EEM dwarf UBVIJHK colors
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Figure 1. The LAMOST spectra of LAMOST-HVS1-4 (from top to bottom). The inset in each panel shows the enlarged normalized spectrum from 3850 A˚ to
4600 A˚ for a better view of the spectral lines.
With the determined velocities (vrf ) and distances (r), we
show LAMOST-HVS1-4 (red filled pentagrams) and another
23 identified B-type HVSs (black filled pentagrams) in Fig-
ure 2. We also plot vesc at different r with color short-dashed
lines based on the above potential models. As seen from this
figure 8, the velocity vrf = 585 km s
−1 of LAMOST-HVS4
is above the escape velocities obtained from all the potential
models atR = 13.4±2.8 kpc andR = 30.4±1.4 kpc, which
represents LAMOST-HVS4 is an unbound HVS whether it is
an MS or a BHB star.
2.4. Space position and velocity
In this sub-section, we determine the phase-space coordi-
nate for LAMOST-HVS4 with heliocentric distance, radial
velocity, proper motions, equatorial and galactic coordinates.
The right hand Cartesian coordinate system adopted here is
centered on the GC: the X-axis points from the Sun to the GC
with the Sun at x = -8 kpc; the Y-axis points in the direction
of Galactic rotation; the Z-axis points toward the Northern
Galactic Pole.
8 LAMOST-HVS1 is unbound under the Xue+2008 and Paczynski+1990
models, LAMOST-HVS2 is unbound under the Xue+2008, Koposov+2010
and Paczynski+1990 models, and LAMOST-HVS3 is unbound under the
Xue+2008 model. Huang et al. (2017a) mentioned the three LAMOSTHVSs
are all unbound to the Milky Way under their Milky Way mass model (Huang
et al. 2016, 2017b). Technically, the definition of “bound” or “unbound” de-
pends on the choice of the Galaxy mass model especial for those stars in the
real case marginally bound or unbound to the Galaxy.
Proper motions of LAMOST-HVS4 are obtained using the
“VizieR” tool of SIMBAD database 9. It has a proper motion
of (µα cos δ, µδ) = (−3.9± 5.4, 1.6± 5.4)mas yr
−1 in PP-
MXL catalog (Roeser et al. 2010), (−1.644± 2.431, 1.579±
2.431)mas yr−1 in HSOY catalog (Altmann et al. 2017),
(−4.685 ± 2.174, −1.137 ± 1.441)mas yr−1 in the catalog
of Tian et al. (2017) (hereafter Tian+2017), and (0.343 ±
0.093, −0.288± 0.101)mas yr−1 in Gaia DR2 catalog (Gaia
Collaboration et al. 2018), respectively. These measurements
are listed in Table 1, and the Gaia DR2 measurements lie
within the error of PPMXL and HSOY proper motions but
have significantly higher accuracy. Thus, we adopt the proper
motion from Gaia DR2 in this paper.
Using Monte-carlo method, we obtain the phase space co-
ordinates of LAMOST-HVS4 as listed in Table 2, and its
Galactocentric distance (r) and total space velocity (VG) are
also displayed in the table. From this table, we note that
LAMOST-HVS4 locates 30.4 kpc away from the GC when
it is an MS star, and 13.4 kpc from the GC when it is a BHB
star. In addition, it lies at 8.6 kpc or 2.8 kpc below the Galactic
disk respectively.
3. POSSIBLE ORIGIN
In this section, we trace the trajectory of LAMOST-HVS4
back, and investigate its possible origins.
9 http://vizier.u-strasbg.fr/viz-bin/VizieR
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Table 1
Properties of the LAMOST-HVS4.
LAMOST-HVS4
Position (J2000) (α, δ) = (344.◦65650, 40.◦001470)
(l, b) = (100.◦568290, -17.◦920979)
Magnitudes (mag) g = 16.79 ± 0.01 a
r = 16.96 ± 0.004 a
i = 17.18 ± 0.005 a
z = 17.30± 0.005 a
especially y = 17.36± 0.01 a
B = 16.90± 0.04 b
V = 16.89± 0.02 b
E(B − V ) 0.1129 c
S/N g, S/N r, S/N i 22, 21, 22
Spectral type B6V
Teff (K) 15140 ± 578
logg (dex) 3.9± 0.30
[Fe/H] (dex) 0.29± 0.18
Mass (M⊙) ∼ 4.3 (MS)
lifetime (Myr) ∼ 55 ± 6
Absolute magnitude MV = −0.69± 0.12 (MS)
MV = 1.72± 0.88 (BHB)
Heliocentric distance (kpc)c 27.9 ± 1.5 (MS)
9.2 ± 3.7 (BHB)
Galactocentric distance (kpc) 30.3 ± 1.6 (MS)
13.2 ± 3.7 (BHB)
Radial velocity (km s−1) vr⊙ = 359 ± 7
vrf = 585 ±7
Proper Motion (mas yr−1) (µα cos δ, µδ) =
(-3.9 ± 5.4, 1.6± 5.4) [PPMXL]
(-1.644 ± 2.431, 1.579 ± 2.431) [HSOY]
(4.685±2.174, -1.137±1.441) [Tian+2017]
(0.343±0.093, -0.288±0.101) [GAIA DR2]
Flight time (Myr) 48±3 (MS)
20±7 (BHB)
a The g, r, i, z, and y magnitudes of the Pan-STARRS survey.
b The Johnson B and V magnitudes converted from the g and r magnitudes
measured by the Pan-STARRS survey.
c E(B−V ) is estimated with the method mentioned in Schlafly & Finkbeiner
(2011)
Table 2
Space positions and velocities.
MS BHB
(x, y, z) a (kpc) (-12.9±0.3, 26.1±1.4, -8.6±0.5) (-9.6±0.6, 8.6±3.4, -2.8±1.1)
r b (kpc) 30.4±1.4 13.4±2.8
(vx, vy , vz)c (km s−1) (-74±12, 560±8, -155±13) (-60±5, 574±7, -121±8)
VG
d (km s−1) 586±7 590±7
a Space positions (x, y, z) when it is an MS star or a BHB star.
b Galactocentric distance when it is an MS star or a BHB star.
c Space velocities (vx, vy, vz) when it is an MS star or a BHB star.
d Space total velocities when it is an MS star or a BHB star.
We perform twoMonte-Carlo simulations using cloud com-
putation on Alibaba cloud10, by assuming that the measure-
ment errors of position and velocity follow Gaussian distribu-
tions with the standard deviations listed in Table 2. The first
simulation is performed assuming that LAMOST-HVS4 is a
B-type MS star, and the second simulation assumes that it is
a BHB star. Each simulation adopts the five Galactic poten-
tial models (Paczynski+1990; Gnedin+2005; Xue+2008; Ko-
posov+2010; Kenyon+2014) as mentioned above, and 50,000
trajectories are calculated for each model. Since the lifetime
of LAMOST-HVS4 is about 55Myr for the case of anMS star
10 http://astrocloud.china-vo.org
or 13 Gyr for the BHB case, we trace trajectories back to 55
Myr ago in the first simulation, and 13 Gyr ago in the second
one.
All trajectories intersect with the Galactic disk in the first
simulation, and approximately 99.42% of the trajectories
cross the disk in the second simulation. Thus, we calculate
intersections of these trajectories with the Galactic disk for
each potential model, and we obtain their 1/2/3-σ confidence
regions. The results show that intersection regions in the dif-
ferent potential models are extremely close, and we only dis-
play the results of the Kenyon+2014 model in Figure 3.
In this figure, the sun and GC are marked by a black filled
circle and a red filled plus, respectively, and the current po-
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Figure 2. Galactocentric radial velocities of known HVSs (Edelmann et al. 2005; Hirsch et al. 2005; Brown et al. 2014; Zheng et al. 2014; Huang et al. 2017; )
and LAMOST-HVS4 versus the Galactocentric distances. The five short dashed curves are escape velocities determined from the five Galactic potential models
(Paczynski+1990; Gnedin+2005; Xue+2008; Koposov+2010; Kenyon+2014), and the difference illustrates the current uncertainties between these models. There
are two larger red filled pentagrams, which represent the LAMOST-HVS4 as a B-type MS star or a BHB, respectively. The three smaller red filled pentagrams
are the other three LAMOST HVSs (Zheng, et al. 2014; Huang et al. 2017). Other black filled pentagrams represent 23 identified B-type HVSs (Edelmann et al.
2005; Hirsch et al. 2005; Brown et al. 2014;)
sition of LAMOST-HVS4 is displayed with pentagrams. The
red pentagram represents the current position if LAMOST-
HVS4 is an MS star, and the green pentagram shows the
present position if it is a BHB star. Colored contours represent
its origin on the Galactic disk. The magenta, cyan and blue
contours show the origin places corresponding to 1, 2, and 3 σ
confidence levels if LAMOST-HVS4 is an MS star, and three
dashed gray contours show origin areas of 1, 2, and 3 σ level
if it is a BHB star. From this figure, we note that LAMOST-
HVS4 was originated from the regions near the sun, and the
GC origin is excluded up at a 3 σ confidence level.
The flight time from the current position to the intersec-
tion points on the Galactic disk is about 48±3 Myr if it is an
MS star and 20±7 Myr if it is a BHB star. This indicates
that it can move to its present position if it is originated from
the Galactic disk, even though the lifetime (∼ 55 Myr) is not
much longer than the flight time when it is an MS. In addition,
the ejected velocities from the Galactic disk under the differ-
ent potential models are nearly the same, and it is 697±12
km s−1 or 623±25 km s−1 if it is an MS star or a BHB star.
As mentioned in Brown (2015), hyper-runaway stars in sun
circle ejected at the rotation direction require ejection veloci-
ties ≥ 400 km s−1, thus ejected velocity of LAMOST-HVS4
satisfies the requirement. We further estimate the angles be-
tween the ejected velocities of LAMOST-HVS4 from the disk
and the velocity of Galactic disk, and it is 27.9◦± 1.8◦ or
23.1◦± 4.0◦ for the MS or BHB case. Thus, we can conclude
that LAMOST-HVS4 is probably an unbound hyper-runaway
star originated from the Galactic disk, and was ejected almost
along the Galactic disk rotation direction.
There are two main dynamicmechanisms to produce hyper-
runaway stars: 1) supernova explosion in stellar binary sys-
tems (Blaauw 1961; Portegies Zwart 2000); 2) dynamic en-
counters between stars in dense stellar systems such as young
stellar clusters (Poveda et al. 1967; Leonard & Duncan 1990;
Gvaramadze et al. 2009). We thus search for H II regions, i.e.,
stellar formation regions, in its origin places from a catalog of
H II regions (Anderson et al. 2014), and find that there are at
least 21, 166, and 244 H II regions in the origin area of 1, 2,
and 3 σ confidence level if it is an MS star, respectively, and
142, 284, 392 H II regions in the 1, 2, and 3 σ origin places if
it is a BHB star, respectively. All of these H II regions have es-
timation of heliocentric distances and lie within |z| ≤ 90 pc
(Xiang et al. 2018). Since the lifetimes of H II regions are
about a few million years in general, LAMOST-HVS4 can-
not be originated from H II regions above, but it is likely
to be ejected from previous H II regions in the intersection
area. Combining its ejection angles, LAMOST-HVS4 is ex-
tremely likely a hyper-runaway star originated from the star-
forming regions by supernova explosions or dynamic 3- or 4-
body interactions, and it is the first hyper-runaway star nearly
ejected in the direction of Galactic disk rotation. As men-
tioned in Brown (2015), the ejection rate of hyper-runaway
stars ejected at the rotation direction is approximately 1% of
the HVS ejection rate, thus they are more rare objects and
contribute a small fraction of HVSs.
Tidal disruptions of Milky Way dwarf galaxies can also
produce high-velocity stars, as proposed by Abadi et al.
(2009). We calculate intersections between the trajectories
of LAMOST-HVS4 and 54 dwarf galaxies within 300 kpc,
and its trajectories only cross the LMC and Sagittarius Dwarf
Spheroidal Galaxy (Sgr dSph) within a factor 30 times larger
than the effective radii. Thus, it is obviously impossible that
LAMOST-HVS4 was ejected from the other 52 dwarf galax-
ies. For LMC and Sgr dSph, we further calculate the near-
est distances and flight times of 50,000 orbits. If LAMOST-
HVS4 is an MS star, the nearest distances to the LMC and Sgr
dSph are 37.9±0.6 and 24.1±0.7 kpc, and the flight times are
90±3 and 48±2 Myr. The flight time of 90±3 Myr is larger
than its lifetime, thus it is impossible for it to arrive at the
6 Y.B. LI ET AL.
LMC within its lifetime. If it is a BHB star, the nearest dis-
tances to LMC and Sgr dSph are 35.5±0.8 and 24.4±0.8 kpc,
and the flight times are 73±6 and 17±7 Myr. The tidal radii
of LMC and Sgr dSph are 22.3±5.2 and 3 kpc (van der Marel
& Kallivayalil 2014; Helmi & White 2001), respectively, thus
LAMOST-HVS4 is unlikely originated from the core regions
of LMC and Sgr dSph, but the dwarf galaxy origin cannot be
exclude completely.
4. SUMMARY
In this paper, we report a new late-B type unbound hyper-
runaway star (LAMOST-HVS4) discovered from the LAM-
OST spectroscopic surveys. Its atmospheric parameters are
estimated with the LAMOST spectrum, and it may be a B-
type main-sequence (MS) star or a blue horizontal branch
(BHB) star. Combing heliocentric distance, position, radial
velocity from LAMOST, and proper motions from Gaia DR2,
its Galactocentric distance and velocity are 30.3 ± 1.6 kpc
and 586±7 km s−1 if it is an MS star, and they are 13.2 ±
3.7 kpc and 590±7 km s−1 if it is a BHB star. We integrate its
trajectories back, and find that the trajectories intersect with
the Galactic disk and the Galactic center is excluded from
the intersection region at 3σ level. We find that it is prob-
ably a hyper-runaway star produced by supernova explosion
or multiple-body interactions in dense young stellar clusters,
and it was almost ejected at a direction close to that of Galac-
tic rotation.
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